A number of food-matrix reference materials (RMs) are available from the National Institute of Standards and Technology (NIST) and from Agriculture Canada through NIST. Most of these materials were originally value-assigned for their elemental composition (major, minor, and trace elements), but no additional nutritional information was provided. Two of the materials were certified for selected organic constituents. Value assignment of analyte concentrations in these 11 SRMs and RMs, based on analyses by the collaborating laboratories, is described in this paper. These materials are intended primarily for validation of analytical methods for the measurement of nutrients in foods of similar composition (based on AOAC INTERNATIONAL's fat-protein-carbohydrate triangle). They may also be used as "primary control materials" in the value assignment of in-house control materials of similar composition. The addition of proximate information for 10 existing reference materials means that RMs are now available from NIST with assigned values for proximates in 6 of the 9 sectors of the AOAC triangle. Five of these materials have values assigned for total dietary fiber-the first such information provided for materials available from NIST.
T
he Nutrition Labeling and Education Act (NLEA) of 1990 requires food processors to provide specific nutrition information on individual units of all products distributed in the United States (1, 2) . Well-characterized reference materials are needed by laboratories in the entire food testing and nutrition community (including food industry, commercial testing, university research, government regulatory agencies, and consumer group laboratories). Such reference materials will facilitate compliance with new nutrition labeling laws, provide the traceability needed for acceptance of food exports in many foreign markets, and improve the accuracy of nutrition information that is provided to assist consumers in making sound dietary choices.
Many agricultural or food matrix Certified Reference Materials (CRMs) are available for the analysis of inorganic nutrients, but far fewer exist for proximates (the macronutrients that describe the food matrix itself) and vitamins (3, 4) . The National Institute of Standards and Technology (NIST) and many CRM producers in other countries are working to provide food-matrix reference materials (RMs) with values assigned for proximates, individual fatty acids, and total dietary fiber (TDF). For example, the Institute for Reference Materials and Measurements (IRMM, Geel, Belgium) offers rye flour, wheat flour, powdered green beans, and powdered pork muscle CRMs with values assigned for proximates and TDF (TDF is not value-assigned in the pork muscle), and values for TDF in lyophilized carrots, apples, full-fat soya, and bran breakfast cereal. IRMM also offers several edible oils and fats for determination of fatty acid profiles. The Laboratory of the Government Chemist (Teddington, UK) offers canned beef/pork, pork, and pork/chicken meats; milk powders; malted milk biscuit; yellow fat spread; bread flour; and chocolate candy with values assigned for various proximates and fatty acids, as appropriate. AOAC INTERNATIONAL's Task Force on Methods for Nutrition Labeling has proposed a triangle with sectors into which foods are placed on the basis of their fat, protein, and carbohydrate content. AOAC anticipates that 1 or 2 reference materials in a given sector will be representative of other foods in that sector and, therefore, will be useful for method validation and quality assurance in analyses involving other food matrixes in the same sector (5, 6 [7] , as was the case in the current value-assignment exercise.) SRM 1846 Infant Formula was distributed as a quality control sample for proximate analyses, and for value assignment of individual fatty acids. Two of the materials (RM 8415 Whole Egg Powder and RM 8435 Whole Milk Powder) were distributed in an earlier interlaboratory comparison exercise in which they were analyzed for several vitamins.
The positions of the SRMs and RMs from NIST for which proximate information is now available are shown in the AOAC fat-protein-carbohydrate triangle in Figure 1 . These food-matrix SRMs and RMs are intended primarily for validation of analytical methods for the measurement of proximates, fatty acids, vitamins, minerals, etc. (when certified or refer- ence values are provided) in foods of similar composition. They may also be used as "primary control materials" in the value assignment of in-house control materials, i.e., the SRM or RM can be analyzed at the same time as the in-house control material to establish accuracy in the characterization of the (less expensive and more readily available) in-house control material. (In general, because of their limited supply and cost, SRMs are not intended for routine daily use as quality control materials.) In the case of the 11 materials discussed here, reference values are provided for analytes for which there was agreement based on the current state of the art among the reporting laboratories. NIST reference values represent a best estimate of the true value when all known or suspected sources of bias have not been fully investigated by NIST; they have associated uncertainties that may not include all sources of uncertainty, and they may represent only a measure of the precision of the measurement method/s (7). Information values were assigned for analytes for which results represent the current state of the practice. NIST information values are provided for analytes that may be of interest to the SRM or RM user, but for which insufficient information is available to NIST to assess the uncertainty associated with the value (and therefore, typically, no uncertainty is reported; 7).
(Certified values, which were not assigned in this exercise, are associated with some analyte concentrations that were previously value-assigned in these SRMs. The provision of certified values requires that NIST has made measurements and overseen the experimental design for the value-assignment process.)
Experimental

Preparation
The preparation of the Agriculture Canada RMs is described elsewhere (8) . Briefly and in general, the starting materials were obtained from commercial suppliers and were irradiated, sieved, blended, and packaged.
The preparation of SRM 1563 Cholesterol and Fat-Soluble Vitamins in Coconut Oil (Natural and Fortified), SRM 1570a Spinach Leaves, and SRM 1974a Organics in Mussel Tissue (Mytilus edulis) has also been described previously (9) (10) (11) (12) (13) . The preparation of SRM 1566b Oyster Tissue will be described in detail after value assignment of that material is completed. Briefly, whole, frozen, shucked oysters were obtained from a commercial vendor. The oysters were blended and lyophilized; then the material was jet-milled, irradiated, and bottled.
Value Assignment
The and to analyze test portions from 3 containers of each of the 11 materials, using AOAC or equivalent methods; the methods used are shown in Table 1 .
Results were converted to a dry-mass basis by using a given laboratory's moisture determination for a given container of material except for SRM 1570a Spinach Leaves. For the moisture determinations, 3 of the laboratories participating in the exercise followed their customary drying procedures for all samples; one laboratory followed the drying procedure specified by the Certificate of Analysis (in the case of the SRMs) or Report of Investigation (in the case of the RMs). The differences between the data obtained appeared to be insignificant (based on the agreement of "new" nitrogen results with the previously assigned values) except in the case of SRM 1570a Spinach Leaves, for which drying over magnesium perchlorate in a desiccator for 120 h or lyophilization for 24 h are the drying procedures specified in the Certificate of Analysis. Drying in a forced-air or vacuum oven causes excessive mass loss due to the evaporation of volatile components along with the water. Moisture determinations performed at NIST using the lyophilization and desiccation techniques specified in the Certificate were in agreement with the one laboratory's results. These 3 sets of data were combined to assign a value for moisture and solids in the Spinach Leaves. This mean moisture determination was then used to convert all 4 laboratories' results on an as-received basis to results on a dry-mass basis. Because values for carbohydrates and calories are calculated by using the moisture (solids) value, only the one laboratory's results were used to provide an information value for carbohydrates and calories in SRM 1570a Spinach Leaves.
The equally weighted means of results submitted by the laboratories identified in Table 2 , who participated in an earlier interlaboratory comparison exercise for value assignment of analyte concentrations in SRM 1846 Infant Formula, were used for value assignment of vitamin concentrations in RM 8415 Whole Egg Powder and RM 8435 Whole Milk Powder. In that earlier study, laboratories were asked to analyze test portions on the same days on which they analyzed SRM 1846, using AOAC or equivalent methods. Each reporting laboratory reported 1 or 2 results for RM 8415 and 1-4 results for RM 8435. Many of the laboratories that participated in this exercise are infant formula manufacturers, and they believed that the methods they used for the infant formula and milk powder analyses would not be applicable to the egg powder. Thus, fewer laboratories reported vitamin data for the egg powder than for the milk powder, and only information values are provided for vitamins in the egg powder. The methods used and the number of laboratories reporting data for the 2 materials are provided in Table 2 .
To illustrate the calculation of assigned values and their associated uncertainties in this group of reference materials, example data for fat in RM 8418 Wheat Gluten are provided in Table 3 . (The same raw data-the 3 individual data points, means, and standard deviations for fat reported by the individual laboratories-are plotted in Figure 2 for graphical comparison.) The uncertainty in the reference values is expressed as an expanded uncertainty, U, at the 95% level of confidence, and is calculated according to the method described in the International Organization for Standardization (ISO) Guide to the Expression of Uncertainty in Measurement (16) . The between-laboratories standard error (reproducibility) estimates both within-laboratory (repeatability) and between-laboratories uncertainty components (17) . The expanded uncertainty is calculated as U = ku c , where u c is intended to represent, at the level of one standard deviation, the combined effect of between-laboratories and within-laboratory components of uncertainty. The coverage factor, k, is determined from the Student's t-distribution corresponding to the appropriate associated degrees of freedom and 95% confidence for each analyte.
The elemental composition for most of the analytes in the RMs was found to be homogeneous in the original interlaboratory comparison exercise, and data obtained in the current exercise were treated as homogeneous when uncertainties were assigned. Data for the SRMs were also treated as homogeneous.
Results and Discussion
Reference and information values for proximates, calories, and total dietary fiber are provided in Table 4 ; values for individual fatty acids are provided in Table 5 . Reference and in- Because the fortified oil was prepared by adding vitamins dissolved in toluene to the natural oil, the fortified oil may contain slightly lower levels of the naturally occurring fatty acids than does the natural oil, although the difference is probably not statistically significant. formation values for vitamins in RMs 8415 Whole Egg Powder and 8435 Whole Milk Powder are provided in Table 6 . Figure 2 shows plots of the assigned values and individual laboratory data for total fat in 4 materials -SRM 1563 Coconut Oil (AOAC triangle sector 1), RM 8432 Corn Starch (sector 5), RM 8433 Corn Bran (sector 5), and RM 8418 Wheat Gluten (sector 9). All 4 laboratories reported fat as the sum of individual fatty acids as determined by hydrolysis followed by gas chromatography. The range plotted for each laboratory is the standard deviation of the mean of that laboratory's results. The laboratories listed above have been identified by number in these plots, but they are not numbered in alphabetical order to maintain anonymity. "Reference Value" in these plots represents the final assigned value and its associated expanded uncertainty at the 95% level of confidence, including within-laboratory and between-laboratories components of uncertainty, for the combined data. (A similar range is displayed for the information value for RM 8433 Corn Bran, although NIST's information values are generally not accompanied by uncertainties.)
It is interesting to note that although RM 8432 Corn Starch and RM 8433 Corn Bran have very similar fat, protein, and carbohydrate contents, the apparent ease with which fat can be measured in the 2 materials is quite different. The relative standard uncertainty for total fat in the Corn Bran is 78%, compared with 21% for total fat in the Corn Starch; therefore, an information value rather than a reference value was provided for fat in the Corn Bran. (Plots for these 2 materials are shown relative to the same y-axis to facilitate comparison.) This difference may be a result of difficulty in hydrolyzing the 2 different matrixes: the Corn Bran contains a mass fraction of 84 ± 3% TDF, and the Corn Starch contains a mass fraction of 0.6 ± 0.2% TDF; thus, TDF may be an important consideration when quality assurance materials are matrix-matched. Figure 3 shows the fatty acid profiles for the 4 RMs that contained a mass fraction of at least 20% fat. In general, plant fats are expected to be higher in polyunsaturated fatty acids, whereas animal fats have more saturated fatty acids, and this is apparent in Figure 3 as well as in Table 5 .
Linoleic (C18:2) and linolenic acid (C18:3) are essential fatty acids, i.e., they are not synthesized by mammals; therefore, it is important that they be present in the diet. Deficiency in those individuals who are able to consume "normal" diets is rare. These fatty acids occur in plants and fish; lower amounts are present in meat and dairy products. But the accurate measurement of these essential fatty acids in food is important for preparing special diets that meet the nutritional requirements of infants or others who are unable to consume the foods in which these fatty acids occur. Reference values are provided for linoleic acid in the Infant Formula, Whole Egg Powder, Wheat Gluten, and Durum Wheat Flour; information values are provided for linoleic acid in the Coconut Oil, Oyster Tissue, Spinach Leaves, Corn Starch, and Corn Bran. Reference values are provided for linolenic acid in the Infant Formula, Wheat Gluten, and Durum Wheat Flour; information values are provided for linolenic acid in the Spinach Leaves, Whole Egg Powder, and Corn Starch. Docosahexaenoic acid (C22:6, DHA) is the predominant fatty acid in brain tissue and the retina. DHA may improve the cognitive and visual development of infants, and arguments have been made that it should be added to infant formula. It is added to some infant formulas in Europe and Asia, but has not been approved by the U.S. Food and Drug Administration for addition to infant formula in the United States. DHA was not added to SRM 1846, and no value is provided for it. There is, however, a reference value for DHA in RM 8415 Whole Egg Powder and an information value for DHA in SRM 1974a Mussel Tissue.
The addition of proximate information for existing reference materials means that NIST now has SRMs and RMs with values assigned for proximates in 6 of the 9 sectors of the AOAC triangle. Fatty acid profiles are now available for the 11 materials in this study as well as for SRM 1544 Fatty Acids in a Frozen Diet Composite and SRM 1546 Meat Homogenate. TDF concentrations are now available for 5 materials in 2 sectors of the triangle; this is the first time TDF information has been provided for reference materials available from NIST. NIST is continuing work to add additional SRMs to the AOAC triangle. This work includes Candidate SRMs 1946 and 1947 Lake Superior and Lake Michigan Fish Tissues (sector 9), Candidate SRM 2384 Baking Chocolate (sector 2/3), and Candidate SRM 2385 Spinach (sector 7).
